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otherwise	 static	 NHC-based	 rhodium	 pincer	 complex,	 [Rh(C^N^C-(CH2)12)(CO)][BArF4]	 (1,	 ArF	 =	 3,5-
C6H3(CF3)2).	 The	mechanism	 of	 this	 process	 has	 been	 comprehensively	 interrogated	 by	 a	 combination	 of	
variable	 temperature	 NMR	 spectroscopy,	 IR	 spectroscopy,	 and	 computational	 modeling.	 In	 addition,	 a	






Pincer	 ligand	 architectures	 featuring	 N-heterocyclic	 carbene	 (NHC)	 donors	 are	 becoming	 increasingly	
prominent	 in	 organometallic	 chemistry,	 combining	 the	 strong	 σ-donor	 characteristics	 of	 NHCs	 with	 the	
favourable	thermal	stability	and	reaction	control	possible	with	a	mer-tridentate	geometry.1,2	In	particular,	
CCC	 and	 CNC	 ligands	 featuring	 trans-NHC	 donors	 have	 been	 partnered	with	 a	wide	 variety	 of	 transition	
elements	 and	 subsequently	 exploited	 in	 numerous	 catalytic	 transformations.3,4	The	 structures	 of	 xylene-	
and	 lutidine-based	CCC	and	CNC	variants	exhibit	characteristically	 twisted	C2	geometries,	which	orientate	
the	NHC	wingtips	(R	in	Scheme	1)	onto	opposite	faces	of	the	coordination	plane.	Interconversion	between	
the	 chiral	 conformations,	 atropisomerism,	 can	 result	 in	 structural	 fluxionality,	 even	 at	 ambient	


































comparable	 xylene	 variants.5,6	 Broadly	 speaking	 little	 barrier	 height	 variation	 is	 found	 between	 systems	
containing	 n-alkyl	 wingtips	 or	 macrocyclic	 variants	 with	 flexible	 methylene-based	 linkers;5,6,9	bulky	 aryl	
appendages	appear	to	attenuate	atropisomerism.10	Mechanistic	work	by	Faller,	Eisenstein	and	Crabtree	has	
firmly	established	mechanisms	involving	Cs	symmetric	intermediates,	with	the	more	facile	atropisomerism	
of	 Pd(II)	 CNC	 complexes	 suggested	 to	 proceed	 via	 pathways	 involving	 partial	 or	 complete	 lutidine	
dissociation.5	 This	 suggestion	 was	 upheld	 computationally	 and	 by	 experimental	 observations	 that	
implicated	 coordination	 of	 the	 counter	 anion	 during	 the	 process.	With	 a	 view	 to	 exploiting	 their	 unique	
steric	 profile	 and	 topology	 in	 organometallic	 and	 supramolecular	 chemistry,	 some	 of	 us	 have	 recently	









CH2CH2)	 resonances	 is	 apparent	 at	 350	K	 and	 an	 activation	barrier	 of	 ΔG‡(298	K)	 =	 +66	 ±	 8	 kJ·mol−1	was	
obtained	 by	 simulation	 of	 the	 1H	 NMR	 data	 and	 an	 Eyring	 analysis	 (Figures	 S9	 and	 S10;	 ΔH‡	 =	 +62	 ±	 4	
kJ·mol−1,	ΔS‡	=	-15	±	13	J·mol−1·K-1).	Placing	a	solution	of	1	in	CD2Cl2	(11	mM)	inside	a	J.	Young’s	NMR	tube	
under	1	atmosphere	of	carbon	monoxide12	results	in	the	observation	of	time-averaged	C2v	symmetry	in	the	
1H	NMR	 spectrum	 indicating	 a	 reversible	 reaction	 between	1	 and	 CO	 that	 involves	 atropisomerism	 (400	
MHz,	 Figure	 1).	 Removing	 carbon	monoxide	by	 successive	 freeze-pump-thaw	 (FPT)	 cycles	 gradually	 halts	
the	dynamics	and	regenerates	1,	but	only	after	ca	18	cycles.	To	further	investigate	this	fluxional	process,	we	
again	turned	to	variable	temperature	1H	NMR	spectroscopy	(1	atm	CO,	CD2Cl2,	500	MHz;	Figure	1).	Cooling	
to	 185	 K	 resulted	 in	 (partial)	 decoalescence	 and	 a	 barrier	 height	 of	 ΔG‡(298	 K)	 =	 +40	 ±	 9	 kJ·mol−1	 was	
determined	 from	 the	 data	 by	 line	 shape	 analysis	 as	 function	 of	 temperature	 and	 ascribed	 to	
atropisomerism	of	the	pincer	backbone	(Figure	S11	and	S12;	ΔH‡	=	+38	±	4	kJ·mol−1,	ΔS‡	=	-9	±	17	J·mol−1·K-
1).	 At	 185	 K	 the	 signals	 observed	 do	 not	 correspond	 directly	 to	 1	 and	 are	 consistent	 with	 the	 presence	










dynamics	of	1:	a	one-step	process	 involving	C2	symmetric	 intermediate	2’	and	a	 two-step	process,	where	
twisting	of	the	pincer	 ligand	is	preceded	by	coordination	of	carbon	monoxide	(Scheme	2).	All	calculations	
were	carried	out	using	density	functional	theory	(DFT)	using	the	dispersion-inclusive	exchange	correlation	
functional	 M06,14	and	 combinations	 of	 the	 Stuttgart	 RSC	 1997	 ECP	 (Rh)	 and	 6-31G(d,p)	 (C,H,N,O)	 basis	


































+ 2 CO + CO
3', ΔG  = 198 2', ΔG  = 47 1', ΔG  = 0 4', ΔG  = 2 5', ΔG  = 17
ΔG‡ = 55 ΔG‡ = 42
	
	
Using	 the	 Nudged	 Elastic	 Band	 (NEB)	 method17	the	 overall	 barrier	 for	 the	 one	 step	 atropisomerism	
mechanism	via	 twisting	of	 the	κ3-coordinated	pincer	 ligand	(1’ 2’)	was	calculated	to	be	ΔH‡(298	K)	+53	/	
ΔG‡(298	 K)	 +55	 kJ·mol-1,	 consistent	 with	 the	 relatively	 high	 value	 observed	 experimentally	 for	 1	 in	 the	
absence	 of	 CO	 (ΔG‡(298	 K)	 =	 +66	 ±	 8	 kJ·mol−1).	 The	 lutidine	 remains	 tightly	 coordinated	 throughout	 the	
process;	the	transition	state	is	characterised	by	a	Rh–N	bond	length	of	2.24	Å,	only	marginally	longer	than	
for	1’	(2.19	Å)	and	very	similar	to	2’	(2.25	Å)	–	the	associated	calculated	(NAO)	bond	order	changes	by	less	
than	 5%	 (Table	 S2).	 The	 alternative	mechanism	 proceeds	with	 a	 significantly	 exothermic,	 but	marginally	




for	 atropisomerism	 (4’ 5’;	ΔH‡(298	K)	 +46	 /	ΔG‡(298	K)	 +42	 kJ·mol-1),	with	Cs	 symmetric	 intermediate	5’	
featuring	 an	essentially	κ2-coordinated	pincer	 ligand	 (Rh···N	=	2.63	Å;	 54%	 lower	Rh···N	NAO	bond	order	
than	1’).	These	characteristics	are	 in	excellent	agreement	with	the	variable	temperature	1H	NMR	data;	 in	
particular	the	measured	barrier	for	atropisomerism:	ΔG‡(298	K)	=	+40	±	9	kJ·mol−1.		In	view	of	the	calculated	






with	CO	was	 studied	by	 in	 situ	 IR	 spectroscopy	using	 a	 sealed	 solution	 cell	 (1	 atm	CO,	CH2Cl2,	 298	K).	 In	
addition	to	the	ν(CO)	band	associated	with	1	(1978	cm-1),	carbonyl	signals	are	observed	at	2007	and	1953	











In	 parallel	 to	 the	 computational	 and	 spectroscopic	 studies,	 rhodium(I)	 bis-carbonyl	6	 was	 prepared	 as	 a	










been	 reported	 for	 d8-metal	 bis-carbonyl	 compounds,	 e.g.	 trans-[Ir(PPh3)2(CO)2]+	 (OC-Ir-CO	 =	 165.9(2)º),19	
the	only	structurally	characterised	NHC	precedent	to	our	knowledge,	trans-[Rh(IBioxMe4)2(CO)2]+,	features	
an	 essentially	 linear	 configuration	 (OC-Rh-CO	 =	 173.46(11)º;	 ν(CO)	 =	 2024	 cm-1).20	The	 measured	 1JCH	
coupling	constant	for	the	aryl	C–H	bond	is	unchanged	in	comparison	to	the	free	ligand	(158	Hz;	cf.	159	Hz)	
suggesting	that	no	agostic	 interaction	 is	present	despite	the	proximity	of	 the	bond	to	the	metal	centre.21	
Instead,	we	suggest	the	presence	of	a	weak	C(pπ)-based	interaction;	consistent	with	this	suggestion	there	is	




































Insights	 into	 the	 structural	 dynamics	 of	 C2	 symmetric	 NHC	 based-pincer	 complexes	 have	 been	 gained	
through	a	combined	computational	and	experimental	investigation	of	a	macrocyclic	CNC-based	rhodium(I)	
complex	(1).	In	isolation,	atropisomerism	of	1	is	encumbered	by	coordination	of	the	central	lutidine	moiety	
to	 the	 metal	 centre	 throughout	 the	 process	 (ΔG‡(298	 K)	 =	 +66	 ±	 8	 kJ·mol−1).	 Under	 a	 CO	 atmosphere	
structural	fluxionally	is	induced,	with	reversible	coordination	of	CO	promoting	a	more	facile	atropisomerism	
mechanism	 involving	 dissociation	 of	 the	 lutidine	 moiety,	 twisting	 of	 the	 pincer	 backbone,	 and	 re-
coordination	 of	 the	 lutidine	 bridge	 (ΔG‡(298	 K)	 =	 +40	 ±	 9	 kJ·mol−1)	 –	 giving	 an	 overall	 barrier	 for	 the	
atropisomerism	of	1	of	approximately	ΔG‡(298	K)		=	+42	kJ·mol-1.	The	presence	of	a	low-energy	bis-carbonyl	
intermediate	 (4)	 has	 been	 directly	 verified	 by	 in	 situ	 IR	 spectroscopy	 and	 a	 structural	 analogue	 (6)	 of	 a	







use.	 Anhydrous	 solvents	 (<0.005%	 H2O)	 were	 purchased	 from	 ACROS	 or	 Aldrich	 and	 used	 as	 supplied:	
CH2Cl2,	 CHCl3,	 1,4-dioxane	 and	 MeCN.	 CD2Cl2	 was	 dried	 over	 CaH2,	 vacuum	 distilled,	 and	 stored	 under	
argon.	C6D6	was	dried	over	 sodium,	 vacuum	distilled,	 and	 stored	under	argon.	Na[BArF4],22	[Rh(CO)2Cl]2,23	
1,12-bis(imidazole)dodecane9	and	111	were	synthesised	using	literature	procedures.	All	other	reagents	are	
commercial	products	and	were	used	as	received.	NMR	spectra	were	recorded	on	Bruker	DPX-400,	AV-400,	
AV-500	 (variable	 temperature	 experiments)	 and	 AVIII-500	 HD	 spectrometers	 at	 298	 K	 unless	 otherwise	
stated.	Chemical	shirts	are	quoted	in	ppm;	coupling	constants	are	given	in	Hz.	IR	spectra	were	recorded	in	






Solutions	 of	 α,αʹ-Dibromo-m-xylene	 (1.00	 g,	 3.79	 mmol)	 and	 1,12-bis(imidazole)dodecane	 (1.25	 g,	 3.79	
mmol)	in	1,4-dioxane	(ca	0.075	M)	were	simultaneously	added	dropwise	over	30	minutes	to	a	flask	charged	
with	warm	1,4-dioxane	(150	mL,	90°C).	The	suspension	was	heated	at	reflux	for	16	hours,	cooled,	and	the	
solvent	 removed	 in	 vacuo.	 The	 resulting	 off-white	 residue	 was	 extracted	 with	 MeCN	 (ca	 200	 mL)	 with	
vigorous	 stirring.	 The	 MeCN	 solution	 was	 filtered,	 concentrated	 and	 excess	 Et2O	 added.	 The	 resulting	











To	a	 Schlenk	 flask	 charged	with	 [C^CH^C-(CH2)12](Br)2	 (0.140	 g,	 0.247	mmol),	Ag2O	 (0.057g,	 0.247	mmol)	









aryl),	 129.4	 (qq,	 2JFC	 =	32,	 3JBC	=	3,	ArF),	 129.4	 (s,	 aryl),	 125.1	 (q,	 1JFC	 =	272,	ArF),	 124.8	 (s,	 imid),	 122.0	 (s,	
imid),	118.1	(sept,	3JFC	=	4,	ArF),	110.8	(s,	aryl	C10),	54.8	(s,	(aryl)CH2),	54.4	(s,	N-CH2),	31.2	(s,	CH2),	27.3	(s,	
CH2),	27.2	(s,	CH2),	25.8	(s,	CH2),	25.6	(s,	CH2).	13C	NMR	(126	MHz,	CD2Cl2,	selected	signal	only):	δ	110.8	(d	
app.	 p,	 1JCH	 =	 157,	 J	 =	 4,	 aryl	 C10).	 ESI-MS	 (CH3CN,	 180	 °C,	 3	 kV)	 positive	 ion:	 563.189	m/z,	 [M]+	 (calc.	
563.188).	Anal.	Calcd.	for	C60H48BF24N4O2Rh	(1426.75	gmol-1):	C,	50.51;	H,	3.39;	N,	3.93.	Found:	C,	50.35;	H,	
3.24;	 N,	 4.14.	 IR	 (CH2Cl2):	 v(CO)	 1993	 cm-1	 (s),	 2065	 cm-1	 (w).	 Full	 crystallographic	 details	 for	 6	 are	








exchange	 correlation	 functional,14	 using	 the	 Stuttgart	 RSC	 1997	 ECP	 (Rh)	 and	 6-31G(d,p)	 (C,H,N,O)	 basis	
sets.15	Initial	NEB	trajectories	were	generated	by	linear	interpolation	between	the	optimised	geometries	of	





Selected	 NMR	 spectra;	 details	 of	 the	 line	 shape	 analyses;	 selected	 calculated	 thermodynamic,	
spectroscopic,	 geometric,	 and	 electronic	 properties	 of	 1,	1’	 –	6’;	 X-ray	 crystallographic	 data	 for	6	 in	 CIF	
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